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Acceptance effects in the hyperons global
polarization measurement
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Abstract. The possible sources of systematic uncertainties in the hyperons global polarization
measurement are discussed. The equation with detector acceptance effects taken into account is
provided. Contribution of the hyperons directed flow into the hyperons global polarization measure-
ment is shown. The systematic uncertainties of the Λ hyperons global polarization measurement in
Au+Au collisions with the STAR detector at RHIC are calculated.
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Introduction. One of the most interesting and important phenomena predicted to
occur in non-central relativistic nucleus-nucleus collisions is global system polariza-
tion [1, 2, 3]. This global polarization can have many observable consequences. It should
in particular, lead to global polarization of hyperons, most easily measurable via their
weak decays. Preliminary results of the Λ hyperons global polarization measurement
with the STAR detector at RHIC were recently presented [4, 5]. In [4, 5] the Λ hyperons
is reconstructed via decay channel Λ→ ppi−. The global polarization of hyperons is de-
termined from the angular distribution of hyperon decay products relative to the system
orbital momentum L:
dN
d cosθ∗ ∼ 1+αH PH cosθ
∗
, (1)
where PH is the hyperon global polarization, αH is the hyperon decay parameter, θ∗
is the angle between the system orbital momentum L and the 3-momentum of the
baryon from the hyperon decay in the hyperon rest frame. Since the system angular
momentum L is perpendicular to the reaction plane, the global polarization can be
measured via correlations of the azimuthal angle φ∗p of the hyperon decay product
(in the hyperon rest frame) with respect to the reaction plane angle ΨRP. Based on
the definition (1) and by using the geometrical relation between the angles, namely
cosθ∗ = sinθ∗p · sin
(φ∗p −ΨRP) (θ∗p is the angle between the hyperon’s decay product
3-momentum in the hyperon’s rest frame and the beam direction), one finds the hyperon
polarization is given by (see [4, 5]):
PH =
8
piαH
〈sin(φ∗p −ΨRP)〉. (2)
The angle brackets in this equation denote averaging over all possible directions of
the hyperon’s decay product 3-momentum in its rest frame and over all directions
of the system orbital momentum L or, in other words, over all possible orientations
of the reaction plane. There are two main sources of systematic uncertainties in this
measurement. The first stems from acceptance effects due to hyperon’s reconstruction
procedure. The second is due to uncertainty in the reaction plane determination. The
latter effects are the same as in anisotropic flow measurement [6] and proven techniques
exist to take these effects into account.
In this paper, we concentrate on acceptance effects which originates from the hyper-
ons reconstruction procedure. We derive the equation for acceptance correction function
and show the possible admixture of the hyperons directed flow into global polarization
measurement. The contribution to the global polarization measurement from both effects
are estimated for the case of Λ hyperons reconstructed from Au+Au collisions with the
STAR detector at RHIC.
Acceptance corrections. The derivation of equation (2) assumes a perfect recon-
struction acceptance for hyperons. For the case of a non-perfect detector, we similarly
consider the average of 〈sin(φ∗p −ΨRP)〉 but take into account the fact that the inte-
gral over all directions of hyperon’s decay products 3-momentum p∗p in the hyperon rest
frame is influenced by detector acceptance:
〈sin(φ∗p −ΨRP)〉= (3)∫ dΩ∗p
4pi
dφH
2pi
A(pH ,p∗p)
2pi∫
0
dΨRP
2pi
sin
(φ∗p −ΨRP)[1+αH PH(pH) sinθ∗p · sin(φ∗p −ΨRP)] .
Here pH is the hyperon 3-momentum, dΩ∗p = dφ∗p sinθ∗pdθ∗p and A
(
pH ,p∗p
)
is a function
associated with detector acceptance. Integration of equation (3) over reaction plane angle
ΨRP gives:
〈sin(φ∗p −ΨRP)〉= αH2
∫ dΩ∗p
4pi
dφH
2pi
A
(
pH ,p∗p
)
sinθ∗pPH(pH). (4)
Assuming that global polarization does not depend on hyperon azimuthal direction, one
gets the following expression for the acceptance correction function:
Acorr(pHt ,ηH) =
4
pi
∫ dΩ∗p
4pi
dφH
2pi
A
(
pH ,p∗p
)
sinθ∗p . (5)
Note that in case of a detector with perfect acceptance, Acorr(pHt ,ηH) = 1. Fig.1 shows
the integral (5) as a function of pseudo-rapidity ηΛ and transverse momentum pΛt of
Λ hyperons reconstructed from Au+Au collisions at √sNN=200 GeV with the STAR
detector at RHIC. The deviation of this function from unity is small. The corresponding
corrections to the absolute value of the global polarization are thus estimated to be less
than 20% and they should not affect the conclusions presented in [4, 5].
Directed flow admixture. We derive the hyperons anisotropic flow contribution to
the global polarization measurement starting with an angular distribution defined by
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FIGURE 1. Integral (5) as a function of Λ transverse momentum (left) and pseudo-rapidity (right). See
text for details.
anisotropic flow [6]:
dN
dφH ∼ 1+2
∞
∑
n=1
vHn (pH)cos(φH −ΨRP) , (6)
where vHn (pH) is the hyperon’s n-harmonic anisotropic flow. Similarly to Eq.(3), we
write the expression for the average of 〈sin(φ∗p −ΨRP)〉:
〈sin(φ∗p −ΨRP)〉 f low = (7)∫ dΩ∗p
4pi
dφH
2pi
A(pH ,p∗p)
2pi∫
0
dΨRP
2pi
sin
(φ∗p −ΨRP)
[
1+2
∞
∑
n=1
vHn (pH)cos(φH −ΨRP)
]
,
where we use the subscript flow to indicate the different origin of this contribution to the
observable (2). Integration of equation (7) over the reaction plane angle ΨRP gives (this
integral cuts only terms proportional to first harmonic, which is defined by hyperons
directed flow vH1 ):
〈sin(φ∗p −ΨRP)〉 f low = ∫ dΩ∗p4pi dφH2pi A(pH ,p∗p)sin(φ∗p −φH)vH1 (pH) . (8)
This contribution is additive in the hyperons global polarization measurement. At fixed
hyperon pseudo-rapidity and transverse momentum, this term is defined by the product
of the hyperons directed flow and the following function:
A f lowcorr (pHt ,ηH) =
∫ dΩ∗p
4pi
dφH
2pi
A(pH ,p∗p)sin
(φ∗p −φH). (9)
This integral could be non-zero due to detector acceptance1. Taking into account that
directed flow is an anti-symmetric function of pseudorapidity, for an estimate we will
consider asymmetry of this function (9), which we define as a difference between
the integral over positive and negative hyperons pseudo-rapidity regions: A f lowasym(pHt ) =[∫
ηH>0−
∫
ηH<0
]
A f lowcorr (pHt ,ηH). Fig.2 shows the asymmetry A
f low
asym calculated for the
Λ hyperons reconstructed from Au+Au collisions at √sNN=200 GeV with the STAR
detector at RHIC. Setting as an estimate the Λ directed flow to be 10%, the flow
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FIGURE 2. Λ hyperon asymmetry A f low,Λasym as a function of Λ transverse momentum. See text for details.
contribution (8) appears to be less than 2×10−3. This is an order of magnitude smaller
that the upper limit for the Λ global polarization obtained in [4, 5] and it is negligible in
this global polarization measurement.
Conclusion. We derived equations for acceptance correction function for hyperons
global polarization measurement. For the case of the Λ hyperons measured with the
STAR detector at RHIC, the deviation of this corrections from unity is found to be small
and they could change the absolute value of the measured Λ hyperons global polarization
by less than 20%. We also investigated contribution from hyperon’s directed flow to the
global polarization measurement and found it negligible in the measurement with Λ
hyperons reconstructed with the STAR detector at RHIC.
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